Abstract: The present study gives an updated overview on the distribution of species of the genus Lyristes Horváth, 1926 in the eastern Mediterranean area. Besides occurring in southern continental Europe, specimens of L. plebejus were also found along the southern Greek mainland and in the western Aegean island of Kithira. Moreover, the new data presented give L. gemellus as a new record for Greece (appearing only along most of the Anatolian coast) as well as for Cyprus. The genus seems to be absent from the Cyclades as well as from the islands of Crete and Karpathos. Therefore, the results revealed a faunal discontinuity between the Greek western and eastern islands in the Aegean Sea. Hence, the persistence of a deep sea barrier between these two groups of islands seems to explain the present distribution of Lyristes species, which is also in accordance with the paleogeography of the area and with the fact that dispersal to more geographically isolated islands might have been virtually impossible for species of this genus.
Introduction
Species of the genus Lyristes Horváth, 1926 are the largest cicadas in the Mediterranean area, distributed from the Iberian Peninsula in Western Europe to Greece, Turkey and also in the Middle East (Nast 1972; Boulard 1988 Boulard , 1995 Boulard & Mondon 1995; Gogala 1998 Gogala , 2002 Drosopoulos et al. 2006; Mozaffarian & Sanborn 2010) . This area supports a complex of three closely related species from the genus, all morphologically similar but distinguished by the acoustic signals produced by males: Lyristes gemellus Boulard, 1988 , Lyristes isodol Boulard, 1988 and Lyristes plebejus (Scopoli, 1763 . Other species of the genus occur in the Far East (Nast 1972) .
In some places of the Mediterranean area these species are the most common cicadas. Very high population densities are often observed with males producing remarkable choruses in several places along the Aegean Sea area, like in the island of Ikaria (unpublished data). On the contrary, in other areas such as Portugal, the species is localized and the populations are in general sparse. Specimens are known to occur mainly in closed high shrubland and woodland and singing commonly in olive trees (Olea europaea), pine (Pinus sp.) and oak (Quercus sp.), as well as in fruit trees like almond (Prunus sp.) and pear (Pyrus sp.) (Sueur et al. 2004; Drosopoulos et al. 2006) .
These three species are known to overlap in some parts of their distribution areas, but are also widely allopatric. In fact, L. plebejus occurs in the south-western part of Europe in Portugal and Spain and extends its distribution to northern and eastern Mediterranean area up to Turkey (Nast 1972; Boulard 1995; Boulard & Mondon 1995; Gogala 1998 Gogala , 2002 . On the other hand, L. gemellus and L. isodol have only been known from Turkey (Boulard 1988) , where the three species can occur in sympatry.
Along the Mediterranean basin, the Aegean Sea area, the Balkans and related regions are the most interesting hot spots of cicada diversity. However, because cicadas of the genus Lyristes are not easily seen in the field, in spite of their conspicuous sounds produced, very little is known about detailed distribution of the species. As such, the present study has been accomplished in order to offer an updated overview on the distribution of these closely related species of the genus Lyristes in the eastern Mediterranean area, with emphasis to Greece.
Material and methods
The present study is based on a composite set of data gathered during fieldwork in Cyprus, Greece and Turkey. Males from several populations of different regions along the geographic distribution of the species were recorded and captured during the hottest season (June to August) from 1998 to 2006 (Fig. 1, Table 1 ). Recordings of the male calling songs were carried out as stated elsewhere (e.g., Quartau & Simões 2005; Simões et al. 2006) .
Males were first located by their calling songs, these were recorded and finally specimens were collected by hand c 2013 Institute of Zoology, Slovak Academy of Sciences or by means of a sweep net. Recordings were carried out using a Sony Dat recorder (TCD-D10 ProII and TCD-D8; at frequency ranges of 20∼22,000 and 20∼20,000 Hz, respectively, and at a sampling frequency of 44.1 kHz) connected to a dynamic Sony F-780 microphone (with frequency responses of 50∼18,000). The microphone was placed at a distance of at least 30 cm from the calling insect. Acoustic recordings and specimens were kept in the Department of Animal Biology with one of the authors (J.A.Q.).
Recordings were taken between 9 a.m. and 6 p.m. with temperatures ranging from 23 to 38
• C. Sound recordings were digitized using the Avisoft-SASLab Pro (Specht 2011) software at a sampling rate of 44.1 kHz and a resolution of 16 bits, and the time and frequency domains were analyzed.
Results
Altogether, a total of 23 males of Lyristes spp. were studied (Fig. 1, Table 1 ) from nine different populations.
Analyses of sound, and to a lesser extent also of the male genitalia, confirmed the presence of two closely related species: L. gemellus and L. plebejus always found in allopatry. In fact, the acoustic analysis corroborates the data from Boulard (1988 Boulard ( , 1995 , being two groups of calling songs easily distinguished by a few acoustic parameters.
There is a group of specimens from Akisar (Gordes, Turkey), Paralio Astros (Peloponese, Greece) and Kithira (Greece) with sounds that present frequency spectra with peak frequencies ranging from 6.4 kHz to 7.4 kHz and with a mean of 6.8 kHz. In the time domain, each phrase of the calling song comprises a mean of 10.3 echemes per second, ranging from 7.9 to 11.6 (cf. Fig. 2 ). This first group of specimens presented sounds with values that are within those found also in specimens of L. plebejus from Portugal, Spain and France (unpublished data).
On the other hand, there is a second group of cicadas with specimens from several Greek islands (Chios, Ikaria, Lesbos, Rhodes and Samos) as well as from Cyprus which present a different acoustic profile. These have lower peak frequencies with values ranging from 4.5 kHz to 5.6 kHz and with a mean of 5.3 kHz. In addition, the echeme rate ranged from 4.5 to 7.6 echemes per second, with a mean of 5.8 echemes per second (cf. Fig. 3 ). These data conform well the de-scription and interpretation of L. gemellus from Turkey by Boulard (1988 Boulard ( , 1995 and as such this species is reported as a new record to Cyprus, as well as to Greece (islands along the Anatolian coast).
During the field-work, also other islands from the central area of the Aegean Sea (Fig. 1) were visited, namely Skyros, Andros, Naxus, Crete and Karpathos where no specimens of Lyristes were found. Thus, L. plebejus occurs along most of the southern continental Europe and in the western Aegean area, while L. gemellus appears along most of the Anatolian coast in the eastern side of the Aegean Sea.
Discussion
Results of the present study offer a more complete and clear overview on the distribution of Lyristes spp. Besides occurring along most of the southern continental Europe, L. plebejus was also found in the Peloponnese and in the western Aegean island of Kithira. In contrast to the results by Drosopoulos et al. (2006) , L. gemellus was found in this island. Moreover, L. gemellus appeared to occur along most of the Anatolian coast, which is in fact a new record of the species for Greece as well as for Cyprus.
Further studies involving also insects and other animal groups confirmed this faunal discontinuity between the western Greek islands on one side and the eastern ones on the other (e.g., Kühnelt 1986; Fattorini 2002; Kasapidis et al. 2005 ). Moreover, Simões & Quartau (2008) also found the same general pattern of distribution in species of genus Cicada.
It is interesting to comment that the hypothesis that the distribution of recent taxa in the Aegean islands reflects paleogeographical patterns, was statistically tested by Hausdorf & Hennig (2005) . Their results showed that the degree of divergence of the species and the composition of the island faunas were found to be strongly influenced by recent geography as well as by Pliocene and even by Miocene events. The same appears for other cicadas, namely from the western Pacific island Arc, where their distribution and phylogeny clearly reflect the geotectonic history of the area (De Boer 1995; Gross et al. 1996) .
In accordance with Drosopoulos et al. (2006) , no specimens were found in the islands located in the central part of the Aegean Sea. In fact, the genus appears to be absent from the Cyclades and also in Crete and Karpathos. With respect to Crete, this island typically exhibits a strong degree of isolation as shown for other insect species and other animal groups (e.g., Kuhnelt 1986; Beerli et al. 1994; Kasapidis et al. 2005) . The complete absence of Lyristes from the Cyclades, Crete and Karpathos is intriguing but can be explained by the fact that dispersal from adjacent islands might have been virtually impossible for species of this genus. In fact, cicadas are generally not good fliers, have limited ecological tolerance and the adult life is very short (Boulard 1965; Boulard & Mondon 1995; Quartau 1995) which are reasons for their apparently poor dispersal capabilities. Simões & Quartau (2007) , for instance, found that among Portuguese specimens of the genus Cicada, approximately 90% dispersal flights of males were less than 100 m and never longer than 150 m. These results are also in agreement with those found by other authors for other cicada groups, like, for instance, Karban (1981) , who found that periodical cicadas (Magicicada spp.) rarely fly long distances across an open field or along a forest edge. He also found that approximately 90% flew less than 50 m, only 1% flew more than 100 m and no cicadas at all were recovered further than 150 m. Nevertheless, movements of males and females over distances of up to 300 m have been observed (Williams & Simon 1995) , but long range dispersal appears to be rare among cicadas (Maier 1982; Arensburger et al. 2004) .
Summing up, the present study provides evidence that, in accordance with the paleogeography of the area, the long persistence of a sea barrier between the western and eastern Aegean islands seems to explain the present distribution of Lyristes species. A similar pattern of distribution has taken place in the genus Cicada (e.g., Quartau & Simões 2005 , 2007 . Nevertheless, compared to the distribution of the other Cicadinae species (genus Cicada and genus Cicadatra), Lyristes presents a smaller distribution area on islands or island groups (Quartau & Simões 2007; Simões et al. 2013) .
Further studies, especially in Turkey, should be undertaken in order to gain a more thorough knowledge of the distribution of Lyristes in the eastern Mediterranean area.
